articulation. The speech comprehension system is on the right. The conceptualizer is responsible for generating a message and monitoring that it is delivered appropriately. Monitoring devices like that included in the conceptualizer take the output of a process and compare it with what the process intended to produce (the initial input to the conceptualizer). If there is a discrepancy (an error) an adjustment is made to the output to reduce the error. Feedback is a route by which output is returned to the monitor to be used for comparison with the original intention. "Feedback" implies that a monitoring process is involved. Levelt's (1989) model. After the message is output from the conceptualizer, it goes through the formulation stage. At the output of the formulation stage, the message is represented as a phonemic string. In Levelt's model as in many others (Dell 1986; Dell & O'Seaghdha 1992) , two sub-stages are identified where the message is represented in lemma and phonological forms respectively. Two different patterns of speech error occur that have been associated with these two formulation levels. Word exchange errors could arise at the lemma level and subword level speech errors (Dell 1986 ) involve phonemic or syllabic transmutations that may arise at the phonemic level. Recently Caramazza and Miozzo (1997) and Miozzo and Caramazza (1997) have provided evidence on the tip-of-the tongue phenomenon (Brown & McNeill 1966 ) that they interpret as indicating there is only one stage in formulation. For EXPLAN, it does not matter whether one or two sub-levels are involved in formulation. What is important is that the output of formulation is a phonemic plan generated from left to right whether there are one or two sub-levels. This allows the plan for the first part of the word to be available before the rest of it. Word onset is the point at which most sub-word speech errors occur and is also the point at which speakers sometimes find it difficult to span from word onset to the subsequent part of the word during fluency failures.
Articulation is the final step in translating the abstract phonemic representations to overt speech. In the Levelt model speech production and perception systems are coupled together on the assumption that audition can recover overt speech from articulatory output and process it through the speech comprehension system (the external loop that will be considered in the following chapter). Information from the speech comprehension system is then transmitted back to the monitor in the conceptualizer. In this chapter, we will only consider internal monitoring as we concentrate exclusively on the production route (the lefthand side of Figure 1 ).
Speech repairs
The monitor in the conceptualizer is an essential component in Levelt's model. (A similar monitor also appears in Levelt et al.'s more recent 1999 model) . Monitors, in general, are rejected by EXPLAN because of the interactions between high and low levels of processing they engender. Such interactions place unrealistic processing demands on language output in terms of the representations that need to be available and the amount of time needed for processing these representations during on-going speech control.
We will evaluate Levelt's (1983) work on speech repairs to assess one line of support for the internal monitoring process. Levelt regards structures like "Turn left at the, no, turn right at the crossroads" as instances of self correction of errors after they have been detected by internal monitoring (termed repairs). When errors are detected by the monitor, speech can be interrupted at any point between conceptualization and articulation and the message can be corrected and restarted. To illustrate for the example used earlier, the speaker gives the wrong direction, realizes this and exchanges the reparandum ("left") with the alteration ("right"). The substitution is not the only thing that happens: The speaker overshoots the reparandum (goes on with the words "at the") and retraces to "turn" when the message recommences (the word said before "left" that is not in error). The repair contains an interruption (here the word "no" though this can range from a pause to a short phrase). Most of these parsed components are optional. Levelt considers that speakers can detect and repair errors before they have been spoken overtly. These are called covert repairs and an example is "Turn right at the, at the crossroads". Such repairs are problematic to interpret as there is no outward sign what the error was (i.e. why the speaker hesitated after "turn"), nor even whether an error occurred at all. Though Levelt does not rely on covert repairs in his account of speech control, Kolk and Postma (1997) have described stuttering as a result of covert repairs. Other types of repairs are different (D) repairs in which the topic is changed (like non sequitors) and repairs in which the speech is not pitched at an appropriate level for the addressee (appropriateness, A, repairs).
Modelling errors versus fluency failure
Basing a model on fluency failures (episodes where speech control falters but there is no overt error) stands in marked contrast with basing one on error patterns using monitoring processes. It is not denied that errors provide important information about points of difficulty in a message but their explanation by a monitoring process is questionable. Concerning errors, first of all, they are infrequent events in language (Shallice & Butterworth 1977) . Fluency failures, on the other hand, are common. For instance, estimates from the data of show that fluent speakers produce around 2.57% fluency failures in function words and 0.97% in content words. While a case can be made that it is important to model error patterns, it also seems advisable, at the very least, to consider how the most frequent breakdowns in fluency control could arise.
Next, we consider whether errors need explanation by an internal monitoring process. Monitoring all speech for errors would be inefficient given that errors are infrequent. However, this does not necessarily mean that monitoring be dismissed. We next examine more critical points about the operation of a monitor once an error has been detected. The monitor takes corrective action when a difference is detected between intended and actual versions (the actual version assumed to be in error). To establish whether a difference has occurred or not, like needs to be compared with like so it must be assumed that the monitor has multiple intended representations equivalent to the actual forms produced at all stages during output of a message. One problem is that it is not apparent how an errorless version of the intended form at lower levels can be available in the conceptualizer for comparison when an erroneous output form is generated as actual output at these lower levels. If a correct version is available for monitoring, why not use it for controlling the respective level?
Another look at the repairs, described earlier from Levelt's perspective, reveals that they actually provide little support for an internal error-monitoring process. Evidence that an error has occurred is only obtained when speech output reveals this. However, this selfsame evidence for an error would suggest either that no monitoring takes place or that the monitor has not worked on this occasion as the speech goes right through to output. The only cases Levelt describes where there may be evidence for the operation of an internal monitor is where errors are intercepted and the result is a covert repair. However, in these repairs another interpretation is that no error occurred in the first place (see the later discussion of stalling fluency failures for an alternative explanation of some surface form features considered to represent components of repairs). In the case of D repairs, the message is abandoned rather than repaired and A repairs are a matter of style rather than anything else.
Abandonment and restart of a message (as in D repairs) may be a general process (applying to all repairs) rather than arising from internal monitoring for errors and on-line repair to remove any detected discrepancy. In the abandonment conception, the new message would not be an on-going alteration to the current message but regarded as a new attempt altogether. This view would not preclude there being a large measure of overlap (overshoot and retrace) between the initial and subsequent messages as is observed to occur. The abandonment view would also explain why no error is evident in several types of repair and no definitive evidence of errors at all until they are translated into concrete articulatory output form.
Stutterings and repairs
Stuttered speech is often described as fluent stretches that are interspersed with dysfluent events that we term fluency failures. Johnston et al. (1959) listed eight types of event he considered are often associated with stuttering and these are given in Table 1 . It is apparent that the form of these events are closely related to repairs and, as with repairs, none of the stuttering events involve errors at the phonemic level or in articulation (for example none involve using the wrong phone to start a word). We term events 1-3 stalling fluency failures. These involve whole words (ones said immediately prior to the point of interruption) being reiterated (types 1 and 2) or interruption by silence or filler word/s (type 3). We call events 4-6 advancing fluency failures which are, respectively, where the first part of a word is repeated (type 4) elongated (type 5) or has a gap before the remainder of the word is produced (type 6). The overt speech appears to show that only the first part of the utterance was available (types 4-6). These events could be a consequence of the formulated plan not being complete but, nevertheless, the speaker attempts what is available (the first part). EXPLAN (as described later) develops this idea.
The remaining two categories in Table 1 are similar to some classes of repairs Levelt describes. Category 7 events are like D repairs, but as said earlier, the speaker has abandoned the message and started another one, not repaired it. The phrase revision, category 8, could be described as an error repair involving lexical selection, like that in the "turn left, no turn right" example discussed above. In cases like this and their stuttering equivalents (type 8), we would agree that a high level error has occurred but, even so, we would not interpret them as showing that the error has been repaired by an internal monitoring process as the error has not been intercepted. Type 7 and 8 stuttering events can be removed by the procedure described in Howell, Au-Yeung, Sackin, Glenn and Rustin (1997) to select only fluency failures that do not involve a phonemic or lower-level error.
To summarize, EXPLAN considers the surface form of stuttering events (rather than putative errors that may lie behind them according to Kolk and Postma's CRH) reflect two alternative forms of fluency failure (stalling versus advancing) in the vicinity of a word. The EXPLAN view that all fluency failures arise at points where planning cannot keep up with output speed is now considered.
The EXPLAN theory of stuttering
According to EXPLAN, the fluency failures just described arise because segments take different amounts of time to plan and execute. The linguistic formulator process generates a plan (PLAN) and motor processes execute it (EX). The model assumes that PLAN and EX take place in parallel and that PLAN is independent of EX. This independence precludes feedback loops from EX output to a central monitor that could be used to correct and reinitiate a PLAN. The independence also allows the current word to be executed, while the plan of one to be produced subsequently is being generated. Planning can be put under time pressure when a segment that is difficult and, therefore, time-consuming to generate has to be prepared and this plan is required quickly as when the planned segment follows a word that is executed rapidly. Though ordinarily the planning process is rapid so that most of the time a plan is delivered ahead of execution (Sternberg, Monsell, Knoll & Wright 1978) , in the circumstances just described, the process can fail to deliver the complete plan on time. If this happens, only the left-most part of the plan is ready at the point where execution of the segment should start. Speech can be delayed until the remainder of the plan arrives (stalling) or the speaker can continue and attempt the speech with the part plan (advancing).
Dividing words into function and content types provides a rough basis to characterize planning time differences of English words. Function words are simpler than content words and require less planning time. Howell, Au-Yeung and Sackin's (1999) transcriptions of samples of spontaneous English speech were analysed to show this (these data includes speech from several different age groups of speakers who stutter). 94% of the function words used were monosyllabic and 84% of them carried no primary stress. Among content words, 62% were monosyllabic and 23% of them carried no primary stress. 88% of the content words started with consonants whereas only 54% of function words did. 14% of content words started with consonant strings while only 1% of function words did. 35% of content words had a developmentally late-emerging consonant at the start as defined by Sander (1972) whereas this applied to only 21% of function words. The consonant string and later emerging consonant properties co-occur on the onset of 1% of function words but on 12% of content words. These properties remain roughly constant across normally fluent people and those who stutter and across ages 2 to 40 years. In sum, then, function words are phonologically simpler than content words with the onset of content words posing particular difficulties.
Parts of words that are phonologically difficult do not necessarily present problems in themselves. The difficult word-parts are a particular problem when they occur in a message context that itself adds extra pressure on the time at which plans for words must be formulated ready for execution. To demonstrate this, the contexts that cause difficulty when leading up to a word with a phonologically complex onset are described. The segments that can be executed rapidly are those that are simple to plan. There may not be sufficient time during execution of such simple segments to plan a subsequent word particularly when the later word has a complex focus in it. To be concrete, such problem contexts are likely to occur at the juncture between a simple function word (executed rapidly) and a content word that starts with a complex phonological structure (planned slowly). In effect the short execution time for the prior function words puts an extra strain on planning time of the content word that cannot be met in the short time allowed during execution of the simple function word.
The preceding discussion shows that the function/content word distinction and the context in which these words are combined offer an approximate estimate of regions where fluency may fail in English. Two words of caution about using function and content words are necessary. First, though lexical word type has been discussed, the important property leading to fluency failure is that a segment requiring a long planning time occurs after a segment or segments requiring a short execution time. This could equally well be described at the phonological or motoric levels (although the superordinate relation between length of execution and planning times would still need to apply). Second, the situation described for English would not operate in other languages. In Romance languages, for instance, function words can be long and nearly as complex as content words. Comparison across languages like English and, for example, Spanish potentially allows linguistic and motor involvement in this process to be distinguished.
Distinguishing planning and execution has implications for control where speech is fluent as well as for where fluency fails. Figure 2 shows speech that is controlled fluently. Time runs horizontally with planning shown at the top and execution underneath. The message starts when planning the first word commences (word n). At this time there is nothing to execute. Once PLAN(n) is ready, execution of word n can begin. EX(n) and PLAN(n+1) commences. When EX(n) has been completed, PLAN(n+1) is ready and its execution can start and the whole process repeats cyclically. PLAN(n) has been completed earlier and is just retrieved for execution at this point (planning of subsequent segments is proceeding independently). Note that speech control does not involve an external timekeeper (it involves what Fowler 1980, would call an intrinsic timing process). The situation that can arise in the contexts described at the beginning of this section is shown at the point in time that EX(n+1) has been completed in Figure 2 . The PLAN(n+2) is not complete. The speaker cannot embark on execution of word (n+2) with a complete plan. When the plan is not complete, the message cannot progress fluently. In this situation, the speaker can retrieve the plan of a word recently used and execute it again (Blackmer & Mitton 1991) . The word usually selected is the previous (function) word leading to the oftenobserved function word repetition prior to a content word (the first type of stalling fluency failure given in Table 1 ). As planning takes place in parallel with execution, the planning of the content word can continue unaffected during this repetition. After the function word (word n) has been repeated, the plan for the content word n+1 may be complete and, if so, execution can proceed (Figure 3) . A pause introduced at the function-content word juncture or a phrase repetition (which are the other two types of stalling fluency failure in Table 1) would serve the same role of gaining time so the plan can be completed. The consequences of repeating a function word that precedes a content word is to slow message rate down (where "message" corresponds with Levelt et al.'s (1999) usage as the technical term for the conceptual, rather than the actual output, structure that is ultimately going to be formulated). More specifically, function word repetition leads to a message, but not word, rate adjustment at this point. Speech timing has been controlled within the hand-shaking process so speech continues to be intrinsically timed (Fowler 1980) . Stalling types of fluency failure are not problematic as the speaker successfully avoided having to commence a word on the basis of a plan that was only partly prepared. The next type of fluency failure is problematic insofar as the speaker does not avoid this situation. . At the start, planning and execution are hand-shaking appropriately on the first word (word n). After word n is first completed, the plan for n+1 is not ready (its planning continues). In this case, the speaker retrieves plan n, executes that again (leading to a word repetition), at which point the plan for word n+1 is ready and can be completed fluently.
In this second type of fluency failure, the speaker commences execution of a problem (usually content) word when only the first part of the plan is available. Since generation of the remainder of the plan continues while the first part is being executed, the plan may be completed by the time this part is required for execution, so speech will appear fluent. However, the plan may not be completed and will run out of input as it is being executed. The speaker then only has the beginning of the content word available to work with and fluency characterised by elongation, repetition or interruption of the first part of the word occurs. EXPLAN regards the advancing fluency failure types 4-6 as cases where this happens. A schematic representation of this situation is given in Figure 4 . Fluency failure involving parts of words (due to advancing) is problematic as it is a characteristic of persistent stuttering (Conture 1982) . On a priori grounds, it also seems risky to attempt to produce words in this manner. The next chapter describes a simple, biologically-plausible, check that suffices to identify points where failure has occurred so this problem can be avoided. The way the rate change is effected is by coupling in a timekeeper. This has the result that it changes timing control from intrinsic to extrinsic mode. Figure 4 . A stretch of fluent speech where, at the start, planning and execution are hand-shaking appropriately on the first word in the sequence shown (word n). After word n is completed on the first occasion after planning, the plan for word n+1 is not ready. Even so, the speaker executes the part plan of word n+1.
The EXPLAN model stresses that motor levels are as important as the linguistic planning levels in leading to fluency failure. Fluency failures are not errors and do not involve a monitoring process. Stalling fluency failures and advancing (or, more precisely, part-word) fluency failures both arise as a consequence of the plan not being available in time. No fluency group is precluded from producing any type of fluency failure. However, adult stuttering is characterised by frequent use of advancing fluency failures rather than stalling ones so this type becomes habitual and once acquired is very hard to lose. Note that though adult stuttering is not easy to treat, it should be reversible as people who stutter do not have defective brain or articulatory structures.
Some lines of evidence consistent with EXPLAN
The contexts in which fluency is likely to fail are when EX(n) is short and PLAN(n+1) is long, particularly when PLAN(n+1) starts with a phonologically-complex structure. Problems in these contexts occur in all speakers, not just people who stutter. Several implications of this view are addressed in this section. First, the problem of stuttering is not expected to be associated with problems of lexical retrieval but, rather, it is dependent on the complexity of the phonological form of words. There is evidence that children (whether or not they stutter) do not have differential problems in lexical retrieval. The remaining lines of support are derived from an examination of the contexts mentioned above. To locate such contexts, extensive use is made of phonological words (Selkirk 1984) , (see below). The important property of phonological words is that they group a single content word with its adjacent function words. For English, this serves the role of differentiating (approximately) short simple (function) words from long complex (content) words with difficult initial phonemes. Phonological words allow predictions about fluency failure on function words in different positions relative to their content word. Phonological words are also used to test the prediction that people who stutter change from stalling to advancing fluency failures in late adolescence. The fourth sub-section looks at properties of content words to establish whether those with complex onsets are more likely to lead to fluency failure. Planning problems are going to be exaggerated when speaking at a rapid rate. Spontaneous speech samples are analysed to establish whether those spoken rapidly are more likely to lead to fluency failure. According to EXPLAN, repetition of function word segments is only one way of stalling. In the sixth and final sub-section, evidence that suggests function word repetition and pausing have equivalent roles is reviewed.
Role of lexical retrieval in fluency failure
In the tip-of-the-tongue (TOT) phenomenon (Brown & McNeill 1966) , speakers often report being in a feeling of knowing state but cannot retrieve the actual word for articulation. In laboratory studies, it has been shown that speakers in these TOT states, can recall the first sound of the word and the number of syllables in the word reliably and at greater than chance levels. The consensus is that, in TOT, the concept for the word(s) is available but the complete phonological form of the word is not (see Figure 1) . TOT states experienced during spontaneous speech may reflect the same problem as we have described that lies behind fluency failures (i.e. all the speech plan is not available for execution, only its onset is ready). Thus, the onset information shown to be available in TOT states, corresponds with the information people appear to have available in advancing fluency failures. Recent work in our laboratory has shown TOT states occur with the same frequency in age-matched groups of fluent speakers and speakers who stutter. This suggests that if the TOT state reflects lexical retrieval problems allied to fluency failures, then lexical retrieval failure is no more frequent in people who stutter than in fluent speakers. The fluency failure problem in people who stutter would appear to arise, as EXPLAN predicts, because speakers who stutter go on to translate this partial information into the problematic output surface forms (advancing fluency failures).
Phonological word contexts, stalling and advancing fluency failures
Function word position relative to a content word needs to be established objectively to assess the stalling role of function word repetitions. The reason this is necessary is apparent in an utterance like " I look after my mother". Here there are two function words between the content words "look" and "mother". So does one or both of the function words occur before "mother" (and, consequently could be used to stall) or do they appear after "look" (when they could not be used to stall production of "look")? Au-Yeung and Howell (1998), developed an analysis procedure based on Selkirk's (1984) phonological words to establish function word position. Phonological words consist of a single content word as its nucleus and any number of function words that serve as prefixes or suffixes to the content word (F n CF m , where n and m can be zero or a positive integer in value). Function words are then associated with content words by sense rules and their position can be determined. Applying this procedure to the preceding example, "after" is part of the phonological word that includes "look" and cannot be used to delay production of the content word as it occurs in final position in its phonological word. "My" is part of the phonological word that includes "mother". In this case, as "my" appears prior to "mother", it can be used to delay production of the content word.
Au-Yeung et al. (1998) used speech segmented into phonological words to show that the majority of stuttering on function words occurs when the function word appears prior to a content word (e.g. "my" in "my mother") with little stuttering on function words that appear after a content word ("after" in "I look after"). The fact that the likelihood of fluency failure on a function word depends to a marked extent on whether these words appear in initial position in a phonological word ) is consistent with the view that these words are used to delay production of the content word.
Exchange of function word fluency failures with content word fluency failures
It was been argued above that people who stutter change from producing stalling fluency failures to advancing ones at around teenage whereas fluent speakers do not. Phonological words can be used to trace the change from stalling to advancing fluency failures across age groups. Fluency failure on initial function words within phonological words are mainly stallings whereas advancing fluency failures occur predominantly on content words. Consequently, the relationship between fluency failure rate on function and content words over age groups can be used to establish changes from stalling (young) to advancing (older) fluency failures in people who stutter (control data were also obtained for fluent speakers in the same age groups). Phonological words of the form F n CF m , (where the integers n > 0 and m >= 0) were selected so that the relationship between stalling on phonological word-initial function words and advancing on content words could be investigated. For both speaker groups, very few fluency failures occurred on function words that occupied a position after a content word. For both fluency groups, fluency failure within each phonological word occurred predominantly on either the function word preceding the content word or the content word itself but not both. Fluent speakers showed, statistically speaking, constant rates of fluency failure on function and content words across age groups with higher rates on function words. The data for speakers who stutter are shown in Figure 5 . Function word fluency failures were significantly higher in the two youngest age groups (2-6 and 7-9 years) but were not significantly different in older age groups. This shows the change from function to content word fluency failures (stalling to advancing) as age increases. These data support the view that as speakers who stutter get older they stop stalling when the plan of a word is not complete and advance and attempt a content word on the basis of an incomplete plan. Similar exchange patterns have been found in German (Dworzynski 1999; Rommel 2000) . 
Role of phonological difficulty in fluency failure
The issue of word onset difficulty was addressed by Howell, Au-Yeung and Sackin (2000) in a study based on earlier work by Throneburg, Yairi and Padden (1994) . The latter authors examined how stuttering on words was affected by properties of the consonants they contained. The consonantal factors examined were; a.) whether the word contained a developmentally late emerging consonant (LEC as defined by Sander 1972); b.) whether the word contained a consonant string (CS); and c.) whether the word contained more than one syllable (MS). Note that CS and LEC can occur anywhere in a word. So, for instance, a word could have a simple CS in initial position and an LEC in word final position (e.g. as in the word quiz). Throneburg et al. (1994) analysed CS and LEC factors irrespective of the position in a word that they occupied. EXPLAN suggests that CS and LEC should be more of a problem when they co-occur at word onset because they would then need a long time to plan. If the word containing CS and LEC is preceded by a simple function word, there may not be sufficient time to complete the plan before it is needed for execution. Howell, Au-Yeung and Sackin (2000) found that when both CS and LEC occurred at the beginning of a content word, stuttering rate on the content word was particularly high compared with that on words that did not contain these factors or where the factors were spread throughout the word. In addition, if phonological words are divided into classes based on whether their content word contains a CS and LEC in initial position, the difficult stretches of speech can be identified to some extent as these phonological words are the ones that cause most fluency failure.
Rate change as a general result of stalling and advancing fluency failures
Howell, Au-Yeung and Pilgrim (1999) divided phonological words into those spoken at fast, medium and slow rates to examine whether a rapid speech rate increases the chance of fluency failure. (It is assumed that the onsets of difficult content words, discussed in subsection 4, are randomly distributed across all types of phonological words so rate alone can be studied.) Howell, Au-Yeung and Pilgrim (1999) located all tone units and measured speech rate on the fluently-produced stuttered words. They then divided the tone units into those spoken at slow medium and fast rates, and found that speech rate of the fluent words correlated with fluency failure rate, with the most rapid rate of speech being associated with the highest rate of fluency failure. This suggests a local effect of speech rate in spontaneous production that is linked in with fluency failure. This finding also carries an implication for treatment: Although a global change can lead to improvement in fluency, a local change in these regions should be sufficient to bring such improvements about (see the next chapter).
A second prediction about the relationship between speech rate and fluency is that fluent speakers will produce stuttering-like fluency failures if speech rate goes up as it will increase the chance of execution getting ahead of planning. An interpretation of a study by Blackmer and Mitton (1991) offers some support for this hypothesis. These authors analysed speech errors and repairs of fluent speakers recorded from late night radio chat shows. They found that fluency breakdown occurred when the speakers were talking rapidly. They reported that this often involved word repetition, which they explained as reissuing a plan already available (this would be similar to the role we attribute to stalling fluency failures, assuming that the repeated words were function words). Given that Blackmer and Mitton were not in control of the speaking situation, obviously they could not encourage speakers to advance the message at the points where they were repeating. examined this question using a task in which fluent subjects were required to provide a running commentary on the actions on a cartoon video they were watching (without the soundtrack). As the speakers were under pressure to continue to keep up with the video action, they tended not to repeat function words. It was found that these speakers produced advancing fluency failures on content words.
Other ways of stalling
Interpretation of a study by Beattie and Bradbury (1979) supports the view that word repetition has a slowing role. Pausing is another obvious way of keeping speech rate down. Beattie and Bradbury reduced pauses in fluent speakers using an operant procedure while requiring the speakers to maintain a similar articulation rate. The speakers then produced more word repetitions. This suggests that word repetition has an equivalent role to pausing. Unfortunately, the authors did not report what word type (function or content) was repeated nor whether the repetitions were of part-words, words or groups of words. Howell and Sackin (in press) partially replicated Beattie and Bradbury's study and extended the analysis to show that when pauses were conditioned out, it was in fact function words that were repeated.
Slowing speech by introducing pauses or encouraging function word repetition (see the next chapter) would be expected to enhance the fluency of people who stutter. It is noteworthy in this connection that the strategy of inserting filled pauses has been proposed as a way of reducing stuttering (Christenfield 1996) .
Using EXPLAN theory in diagnosis of persistent stuttering
We consider that our experimental investigations may have implications for the practical purpose of diagnosing stuttering. In our research database, we have long-term recordings of eleven children who stutter who were first seen when they were in the 7-9 years age group and are now in the 10-12 years group. All these children had been admitted onto an intensive speech therapy course and the first recording we have was a sample obtained immediately prior to that course. Besides this sample and the several follow-up recordings, the children have been assessed using therapists' own criteria, parent and child attitude to communication by questionnaires, and researchers' ratings. These criteria are made independently of the speech samples. In most cases, all the non-speech assessments agreed about whether a child had recovered or not (in the remaining cases there was always a majority in agreement). One classification obtained was based on these scores (recover/persist).
After this categorisation had been made, the speech of each child was examined to see what proportion of fluency failure on function (stalling) and content (advancing) word was shown on initial attendance at clinic. The fluency failure rates separately for function and content words are shown in Figure 6 . An "R" above a child's scores indicates that the independent non-speech measures classified the child as recovered. The children who recovered showed a much higher proportion of function word fluency failures than content word ones. The recovered cases predicted by applying a criterion of a ratio of function to content word fluency failures of two or greater are indicated with a "*". Even this crude measure predicts two thirds (4/6) of the cases of recovery with only a single false alarm in the five recovered cases. This appears to offer considerable promise bearing in mind that this was based on a sample of speech obtained before the child received any treatment and the analysis is limited as it does not take account of differences in speech rate across these speakers (that is also operative in stuttering according to EXPLAN). The question that remains (see the next chapter) is whether therapies that lead to speech changes that EXPLAN predicts will improve fluency (rate slowing globally or locally, change in type of stuttering pattern) are an effective treatment for stuttering. Levelt's (1989) model. Figure 2 . Timing patterns (horizontal axis) for PLAN (top line) and EX (bottom line) of serially-arrayed words (n, n+1 ...) during fluent speech. If comparison is made vertically, the plan for all words (e.g. word n+1) is always complete prior to when the execution of a preceding word is finished (e.g. word n) so speech can proceed fluently. Figure 3 . Schematic representation of a word repetition fluency failure. The two lines indicate what words are planned and executed (respectively). At the start, planning and execution are hand-shaking appropriately on the first word (word n). After word n is first completed, the plan for n+1 is not ready (its planning continues). In this case, the speaker retrieves plan n, executes that again (leading to a word repetition), at which point the plan for word n+1 is ready and can be completed fluently. Figure 4 . A stretch of fluent speech where, at the start, planning and execution are handshaking appropriately on the first word in the sequence shown (word n). After word n is completed on the first occasion after planning, the plan for word n+1 is not ready. Even so, the speaker executes the part plan of word n+1. Figure 5 . Fluency failure rate in groups of speakers who stutter who differ in age. Fluency failure rates are shown separately for function and content words. Figure 6 . Fluency failure rates on function word and content word on first attendance at clinic, and indication of recovery (R) at follow-up. Subjects for whom recovery is predicted are indicated by a "*".
